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DQGLVLQYHU\SRRUDQGEUHDNGRZQFRQGLWLRQV7KDWUHSUHVHQWVDERXWEULGJHVDQGGLUHFWO\DERXWDUHLQ
EUHDNGRZQFRQGLWLRQVZKLFKQHHGWREHUHFRQVWUXFWHG,QWKHFDVHRIUDLOZD\EULGJHVWKHVLWXDWLRQLVYHU\VLPLODU
>@$SSUR[LPDWHO\RIEULGJHVDUHROGHUWKDQ\HDUVDQGDUHHYHQROGHUWKDQ\HDUVDQGDUH
LQDEDGWHFKQLFDOFRQGLWLRQ:LWKLQWKHDPELWRIPRGHUQL]DWLRQWKHVWDWHRIH[LVWLQJEULGJHVZKLFKDUHSDUWRIQHZ
FRUULGRUVLVSDUWLDOO\LPSURYHG7KLVVLWXDWLRQDULVHVQRWRQO\GXHWRROGZD\RIWKHEULGJHVPDQDJHPHQWEXWPDLQO\
GXHWRLQVXIILFLHQWIXQGLQJPDLQWHQDQFHUHSDLUDQGUHFRQVWUXFWLRQRIEULGJHV
5HOLDELOLW\RIH[LVWLQJEULGJHVWUXFWXUHV
7KHUHOLDELOLW\RIQHZO\GHVLJQHGVWUXFWXUHLVLWVDELOLW\WRSHUIRUPUHTXLUHGIXQFWLRQVWKURXJKRXWLWVOLIHWLPH)RU
H[LVWLQJEULGJHVWUXFWXUHV LW LVYDOLG WKDW WKH UHOLDELOLW\RIH[LVWLQJEULGJHVWUXFWXUHV LVDELOLW\ WRSHUIRUPUHTXLUHG
IXQFWLRQVXQGHUQRUPDOFRQGLWLRQVRIVWUXFWXUHDQGPDLQWHQDQFHZLWKRXWWKHQHFHVVDU\UHSDLUVDQGUHFRQVWUXFWLRQRI
WKHUHTXLUHGWHFKQLFDOFRQGLWLRQGXULQJLWVUHPDLQLQJOLIHWLPH7KHGLIIHUHQWLDWLRQLVEDVHGRQFRQVLGHUDWLRQVRIWKH
SRVVLEOHDVVXPSWLRQRIGLIIHUHQWUHOLDELOLW\OHYHOVIRUQHZO\GHVLJQHGVWUXFWXUHVDQGIRUH[LVWLQJVWUXFWXUHV
,QWKHWKHRUHWLFDODSSURDFKLWLVFRQVLGHUHGWKDWWKHHOHPHQWKDVUHVLVWDQFH5DQGLWLVH[SRVHGWRORDGHIIHFW(
$FFRUGLQJWR>@WKHUHOLDELOLW\PDUJLQ*LVXVHGLQHQJLQHHULQJSUREDELOLW\PHWKRG
L5 PD[( >   
7KHVWUXFWXUHLVUHOLDEOHLI*≥7KHIDLOXUHRFFXUVZKHQPD[LPDOORDGHIIHFWVPD[(LH[FHHGWKHUHVLVWDQFH5
7KHEULGJH LQVSHFWLRQ LV FRQVLGHUHG WR EH SHUIRUPHG DW WKH WLPH WLQVS<7 GXULQJZKLFK DQREVHUYHG VWUXFWXUDO
HOHPHQWGRHVQRWH[FHHGLWVOLPLWVWDWHV7KHWKHRUHWLFDOPRGHODOORZVIRUVPDOOGHWHULRUDWLRQGXHWRWKHFRUURVLRQRI
VWUXFWXUDO VWHHO RU UHLQIRUFHPHQW 7KLV SRVLWLYH LQIRUPDWLRQ LQGLFDWHV WKDW WKH UHVLVWDQFH 5W RI WKH REVHUYHG
VWUXFWXUDOHOHPHQWVDWLVILHVWKHIROORZLQJUHODWLRQ
( ) ( )( ) ( )L L LQVS5 W PD[ ( W IRU L  1 W> = ……  
*HQHUDOO\IDLOXUHSUREDELOLW\RIVWUXFWXUH3I7FDQEHH[SUHVVHGXVLQJIRUPXODIRUIXOOSUREDELOLW\LQFRQWLQXRXV
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ZKHUH ϕLVWKHGHQVLW\RIVWDQGDUGL]HGQRUPDOGLVWULEXWLRQ1
7KHIDLOXUHSUREDELOLW\3I7FDQEHDOVRREWDLQHGIRUDQRUPDOO\GLVWULEXWHGUHVLVWDQFH5WLRIDEULGJHHOHPHQW
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3UREDELOLW\FRQGLWLRQ WKDW WKHVWUXFWXUHVXUYLYHVXS WR WLPH7SURYLGLQJ WKDW LWKDVVXUYLYHG WR LQVSHFWLRQ WLPH
WLQVSLVHTXDOWR
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ZKHUH3I7LVJLYHQE\IRUPXODRU3IWLQVSFDQDOVREHFDOFXODWHGE\IRUPXODRUZLWKFRQGLWLRQWKDW7
LVVXEVWLWXWHGE\WLQVS7 WLQVS
7KHFRUUHVSRQGLQJXSGDWHGUHOLDELOLW\LQGH[βXWRIWKHREVHUYHGVWUXFWXUDOHOHPHQWIRUWKHUHPDLQLQJWLPHSHULRG
WLQVS7 7GFDQEHGHWHUPLQHGZLWK
( ) ( )( )X IXW 3 W−β = −Φ   
7KH XSGDWHG UHOLDELOLW\ LQGH[ βXW LV JUHDWHU WKDQ WKH GHVLJQHG LQGH[ βG 1H[W WKH DGMXVWHG WDUJHW IDLOXUH
SUREDELOLW\3IWWWDUJHWUHOLDELOLW\LQGH[βWWIRUZKLFKWKHHOHPHQWVKRXOGEHHYDOXDWHGIRULWVUHPDLQLQJOLIHWLPH
7GWLQVS FDQ EH VROYHG WR ILQG WKH UHTXLUHG YDOXH RI WKH WDUJHW IDLOXUH SUREDELOLW\ 3IWW ZLWK DPLQLPXP RI RQH
LQVSHFWLRQ 7KH FKDQJHV LQ WKH XSGDWHG UHOLDELOLW\ LQGH[βXW DQG WKH WDUJHW UHOLDELOLW\ LQGH[βWW ZLWK WLPH DUH
GHSHQGHQWXSRQWKHWLPHRILQVSHFWLRQ7KHXSGDWHGUHOLDELOLW\LQGH[βXWLVLQFUHDVLQJZLWKWLPHPDUNHGO\WRZDUGV
WKHHQGRIDOLIHWLPHWKHUHIRUHWKHWDUJHWUHOLDELOLW\LQGH[βWWGHFUHDVHVZLWKWLPH7KHWDUJHWUHOLDELOLW\LQGH[βWW
LVFDOFXODWHGXVLQJWKHLWHUDWLYHPHWKRG
7KH UHOLDELOLW\ OHYHO JLYHQ E\ IDLOXUH SUREDELOLW\ 3IWW RU E\ UHOLDELOLW\ LQGH[ βWW GHSHQGV RQO\ RQ WKH UHDO
UHPDLQLQJOLIHWLPHRIEULGJHVWUXFWXUHWUWU 7GWLQVS7KXVLWLVHTXDOWR
LQVS U G7 W W 7= + =   
+RZHYHU SUDFWLFDOO\ WKH VWUXFWXUH LV XVXDOO\ HYDOXDWHG IRU D VKRUWHU VHOHFWHG WLPH LQWHUYDO ,W FDQ EH WKH WLPH
EHWZHHQ WZR LQVSHFWLRQV RU LI WKH VWUXFWXUH GRHV QRW VDWLVI\ WKH ORDGLQJ FDSDFLW\ IRU WKH IXOO UHPDLQLQJ OLIHWLPH
WU 7GWLQVSWKHVWUXFWXUHPD\EHHYDOXDWHGIRUWKHSODQQHGUHPDLQLQJOLIHWLPHLQWHUYDOWLQW
LQVS LQW G7 W W 7= + ≤   
7KH WKHRUHWLFDO DSSURDFK LV WKH VDPHDV WKHDERYHPHQWLRQHGRQHEXW WKH OLIHWLPH7RI WKH VWUXFWXUDOPHPEHU
VKRXOGEHVKRUWHQHGWRGHWHUPLQHWKHUHTXLUHGUHOLDELOLW\RIDQREVHUYHGPHPEHUIRUDSODQQHGLQWHUYDO WLQW6RWKH
ZKROHOLIHWLPHLVQRW7 \HDUVEXWLVHTXDOWRWKHVXPRIWLQVSWLQW7KHDFKLHYHGUHOLDELOLW\OHYHOVDUHJLYHQLQ
>@
6LPLODUO\ LW LV VRPHWLPHV QHHGHG WR HYDOXDWH WKH VWUXFWXUH IRU D ORQJHU UHPDLQLQJ OLIHWLPH DV MXVW WKH HQG RI
GHVLJQHGRQH7KHVDPHSUREOHPLVLQWKHFDVHRIHOGHUEULGJHVZLWKOLIHWLPHRYHU\HDUV7KHDGYDQWDJHRIWKH
WKHRUHWLFDO DSSURDFK LV WKDW LW LV DEOH HORQJDWH WKH UHPDLQLQJ OLIHWLPH WLQW RYHU GHVLJQHG RQH7G ,WPHDQV WKDW WKH
IROORZLQJLVYDOLG
LQVS LQW G7 W W 7= + >   
7KHILQDOUHOLDELOLW\OHYHOVGHSHQGLQJRQWKHWLPHRILQVSHFWLRQWLQVSDQGSODQHGUHPDLQLQJOLIHWLPHLQWHUYDORYHU
GHVLJQHG7GDUHVKRZQLQWDEUHOLDELOLW\LQGLFHVβWWDQGWDEIDLOXUHSUREDELOLW\3IWW





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7DEOH7KHUHOLDELOLW\OHYHOVRIH[LVWLQJEULGJHVWUXFWXUHVUHOLDELOLW\LQGLFHVβWW
5HPDLQLQJ
OLIHWLPH
>\HDUV@
5HOLDELOLW\OHYHOJLYHQE\UHOLDELOLW\LQGH[βWWDFFRUGLQJWRDJHRIWKHEULGJHHOHPHQW>\HDUV@
        
         
         
         3.176 
        3.294 3.268 
       3.376 3.351 3.327 
      3.438 3.413 3.391 3.369 
     3.488 3.464 3.442 3.420 3.401 
    3.531 3.506 3.484 3.463 3.444 3.426 
   3.567 3.543 3.521 3.500 3.481 3.463 3.446 
  3.598 3.575 3.553 3.533 3.513 3.495 3.478 3.462 
7DEOH7KHUHOLDELOLW\OHYHOVRIH[LVWLQJEULGJHVWUXFWXUHVIDLOXUHSUREDELOLWLHV3IWW
5HPDLQLQJ
OLIHWLPH
>\HDUV@
5HOLDELOLW\OHYHOJLYHQE\IDLOXUHSUREDELOLWLHV3IWWDFFRUGLQJWRDJHRIWKHEULGJHHOHPHQW>\HDUV@
        
 ā ā ā ā ā ā ā ā ā
 ā ā ā ā ā ā ā ā ā
 ā ā ā ā ā ā ā ā 7.474·10-4
 ā ā ā ā ā ā ā 4.945·10-4 5.413·10-4
 ā ā ā ā ā ā 3.685·10-4 4.033·10-4 4.387·10-4
 ā ā ā ā ā 2.933·10-4 3.211·10-4 3.491·10-4 3.773·10-4
 ā ā ā ā 2.432·10-4 2.663·10-4 2.894·10-4 3.129·10-4 3.363·10-4
 ā ā ā 2.075·10-4 2.273·10-4 2.471·10-4 2.670·10-4 2.868·10-4 3.070·10-4
 ā ā 1.810·10-4 1.981·10-4 2.152·10-4 2.326·10-4 2.499·10-4 2.675·10-4 2.851·10-4
 ā 1.603·10-4 1.753·10-4 1.906·10-4 2.059·10-4 2.214·10-4 2.369·10-4 2.525·10-4 2.681·10-4
&RQFOXVLRQV
7KHSDSHUGHDOVZLWKWKHUHOLDELOLW\RIH[LVWLQJEULGJHVWUXFWXUHVDQGSRLQWVWRWKHSRVVLELOLW\RILWVLQFUHDVLQJ>
@7KHEDVLFYDOXHVRIUHOLDELOLW\LQGLFHVβWWRUIDLOXUHSUREDELOLW\3IWWIRUHYDOXDWLRQRIH[LVWLQJEULGJHVDQGWKHLU
HOHPHQWV DUH GHILQHG7KH SDUWLDO VDIHW\ IDFWRUV DUH DIIHFWHG E\ DFKLHYHGPRGLILHG UHOLDELOLW\ OHYHOV LQ WKH SDUWLDO
VDIHW\IDFWRUVPHWKRG,Q WKLVPHWKRG WKHORDGHIIHFWVSHUPDQHQW ORDGVYDULDEOH ORDGVDQGHQYLURQPHQWDO ORDGV
PDWHULDOFKDUDFWHULVWLFVSURGXFWVFKDUDFWHULVWLFVDQGJHRPHWULFDOFKDUDFWHULVWLFVDUHFRQVLGHUHGDVUDQGRPYDULDEOHV
3UHVHQWHGSDSHUVKRZVWKDWLWLVSRVVLEOHWRHYDOXDWHWKHH[LVWLQJEULGJHVWUXFWXUHQRWRQO\IRUWKHIXOOUHPDLQLQJ
OLIHWLPHEXW DOVR IRU WKH VKRUWHQHG UHPDLQLQJ OLIHWLPH LQWHUYDO WLQVS2Q WKHRWKHUKDQG WKH WKHRUHWLFDO DSSURDFK
DOORZVH[WHQVLRQRIWKHUHPDLQLQJOLIHWLPHRYHUWKHGHVLJQHGRQH7G
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